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[57] ABSTRACT

A radio transmission and reception apparatus having a
transmitting section and a receiving section for bidirec-
tional data transmission between two end units 1n the
time-division multiplex mode. Prior art radio transmis-
sion and reception apparatuses are equipped with a
transmitting section and a receiving section that have
separate PLL circuits for signal modulation and demod-
ulation. The resultant expense for relatively expensive
components can be constderably reduced in radio trans-
mission and reception apparatuses if only one PLL
circuit is provided in accordance with the invention, to
which both the transmitting section and the receiving
section have alternating access.

- 14 Claims, 4 Drawing Sheets
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COMBINED RADIO TRANSMISSION AND
RECEPTION APPARATUS WITH A PLL CIRCUIT

BACKGROUND OF THE INVENTION

The mmvention relates to a radio transmission and
reception apparatus having a PLL circuit for modula-
tion and demodulation, respectively.

Radio transmission and reception apparatuses in
which the transmitting section and the receiving section
are each equipped with a PLL circuit for signal modula-
tion and demodulation or in which only the receiving
section or the transmitting section has a PLL circuit are
state of the art and are known from, for example, R.
Best, “Theorie und Anwendung des Phase-locked
Loops” [Theory and Application of the Phase Locked
Loop], published by AT-Verlag, 1987, in particular
pages 87-91. In the circuit arrays first mentioned, the
high component requirement and hence the high manu-
facturing costs can be cited as a drawback. In the last-
mentioned circuits, the advantages of PLL-controlled
modulations or demodulations are dispensed with in
either the transmitting section or the receiving section.

The object of the invention is therefore to provide a
radio transmission and reception apparatus permitting
the use of a PLL circuit in both the transmitting and
receiving sections of the apparatus, with fewer compo-
nents and a lower space requirement. The above object
is achieved according to the present invention by a
radio transmission and reception apparatus having a
transmitting section and a receiving section, and
wherein the transmitting and receiving sections have a
common PLL circuit for signal modulation and demod-
ulation, respectively. Preferably, the common PLL
circuit comprises a phase detector, a first VCO and a
further oscillator operating either as a reference oscilla-
tor or as a second VCO. A switch arrangement i1s pro-
vided such that in the transmitting state of the radio
transmission and reception apparatus, the feedback loop
of the PLL circuit is closed via the first VCO and the
further oscillator operates as a reference oscillator, and,
in the recelving state of the radio transmission and re-
ception apparatus, the feedback loop is closed via the
further oscillator operating now as a VCO (the first
VCO being disabled) and the phase detector is con-
nected to the output of an HI input stage.

One major advantage of the invention is that in a
combined radio transmission and reception apparatus in
accordance with the invention, a large proportion of the
components of the phase-locked loop is used both for
signal modulation during transmission as well as for
signal demodulation during reception. This joint use of
a circuit component for both the transmitting section
and the receiving section can be used to particular ad-
vantage above all in radio transmission and reception
apparatuses in which data transmission is bidirectional
in the time-division multiplex mode. Performance of the
transmission and reception tasks i1s not simultaneous, but
alternating in time. The radio transmission and recep-
tion apparatus can be set to a transmitting or receiving
state using simple switching methods. Various advanta-
geous embodiments of the invention are likewise dis-
closed.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is described hereinafter on the basis of
the figures, in which:
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FIG. 1 shows a first embodiment of the invention for

the first modulation type;

FIG. 2 shows a first embodiment of the invention for
the second modulation type;

FIG. 3 shows a second embodiment of the invention
for the first modulation type;

FIG. 4 shows a second embodiment of the invention
for the second modulation type;

FIG. § shows a radio transmission and reception
apparatus based on a circuit according to FIG. 3;

FIG. 6 shows a switchable reference oscillator/VCO.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIGS. 1 and 2 each show a first embodiment of the
invention. These two circuits differ in how the signal is
modulated. Firstly, however, the common features of
the two circuits are described. Depending on the switch
setting A, a first input of the phase detector 1 1s supplied
via a first frequency divider 3 either with the signal of
an HF input circuit 6 or with the signal of a reference
oscillator 7. This reference oscillator 7 may comprise an
RC resonating circuit, a VCO, or preferably a quartz
oscillator. The output signal of the phase detector 1 is
supplied via a loop filter 5 to a first VCO 2 for control-
ling the latter. The output signal of this first VCO 2 1s
supplhied via a second frequency divider 4 to the second
input of the phase detector 1. The phase detector 1
forms, together with the first VCO 2, the first and sec-
ond frequency dividers 3, 4 and the loop filter 5§, a PLL
circuit of the type well known to a person skilled 1n the
art. This PLL circuit must be adapted to the respective
requirements of the radio transmission and reception -
apparatus. This can be achieved with the aid of the
divider ratios of the two frequency dividers 3, 4, the
center frequency of the VCO or, for example, the prop-
erties of the loop filter 5. With the aid of the switch A,
the PLL circuit can now be switched either to a trans-
mitting or to a receiving state. In the switch setting as
drawn in FIGS. 1 and 2, the two PLL circuits are 1n the
transmitting state. The first input of the phase detector
1 is connected to the reference oscillator 7 via the first
frequency divider 3. In the circuit in accordance with
FIG. 1, the frequency of the reference oscillator 7 is
changed, for example with the aid of a capacitance

diode 8, depending on the data signal at the data input 9.

The PLL circuit follows this signal and readjusts the
first VCO 2 provided in the feedback path. Generally,
the modulated signal thereby obtained is first divided
and reduced once more in a second frequency divider 4,
and then supplied to the second input of the phase de-

tector 1. The modulated output signal 10 can be picked

up at the output 10 of the second frequency divider 4 for
further processing in an HF output section.

In the circuit according to FIG. 2, the first input of
the phase detector 1 is connected to a permanently
tuned reference oscillator 7. Modulation of the oscilla-
tion with the data signal is achieved, in contrast to the
circuit according to FIG. 1, by a change in the divider
ratio of the second frequency divider 4 inside the feed-
back loop of the PLL circuit. The divider ratio of the
second frequency divider 4 is changed depending on the
signal present at the data input 9, and the PLL circuit 1s
thus pulled in its frequency. The PLL circuit now tries
to equalize the phase difference occurring at the phase
detector 1 by corresponding operation of the first VCO
2. An oscillation that is frequency-modulated with the
data signal is now obtained at the output of the VCO 2.
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As m the circuit according to FIG. 1, the modulated
output signal 10 is coupled out at the connecting point
of the second input of the phase detector 1 with the
second frequency divider 4. Both modulation types are
known as frequency shift keying (FSK).

The receiving state of the two circuits according to
FIG. 1 and FIG. 2 is attained by changing the switch
setting A shown in FIGS. 1 and 2. The phase detector
11s then connected via the first frequency divider to the
HF mput section 6 of the radio transmission and receiv-
ing apparatus. The phase detector 1, together with the
first VCO 2 disposed in the feedback branch, forms a
phase locked loop. The demodulated input signal can be
picked up at the output 11 of the loop filter 5 for further
signal processing.

In the circuits according to FIGS. 1 and 2, the prob-
lem in principle is that, in the ICs that are available on
the market for PLL circuits and contain substantially
the frequency dividers and the phase detector, the in-
puts for the reference oscillator or HF section have
relatively low limit frequencies and are hence unsuit-
able for the combined transmission and reception con-
cept 1n accordance with the invention which operates
with higher transmission frequencies in the VHF and
UHF frequency ranges. The two circuits according to
FIGS. 3 and 4 bypass this problem.

In the radio transmission and receiving apparatuses
according to FIGS. 3 and 4, the feedback loop and the
reference input are changed around when switching
from the transmitting state to the receiving state. In the
transmitting state, the switches A1 and A2 are in the
settings shown in FIGS. 3 and 4. A reference oscillator
7 1s connected to the first input of the phase detector 1.
The output signal of the reference oscillator 7 is gener-
ally first passed through a first frequency divider stage
3 and reduced in frequency on the basis of the divider
ratio. The output signal of the phase detector 1 is sup-
plied to a loop filter stage 5 and then to the VCO 2 for
oscillation control. The output signal of the VCO 2
passes via the switch A1 and a second frequency divider
stage 4 to the second input of the phase detector 1.

In the arrangement according to FIG. 3, modulation
of the oscillating state of the phase-locked loop is
achieved by detuning the reference oscillator 7, for
example with a capacitance diode 8. To do so, the ca-
pacitance diode 8 is supplied with a suitably processed
data signal at the data input 9.

In the arrangement according to FIG. 4, the modula-
tion of the oscillating state of the phase-locked loop is
achieved by changing the divider ratio of the second
frequency divider stage 4 inside the feedback branch
analogously to a data signal. To do so, the second fre-
quency divider stage 4 is supplied with a divider ratio
that 1s proportional to the data signal at the data input 9.

In both cases, the modulated output signal at the data
output 10 can be picked up at the second input of the
phase detector. |

In the case of reception, the switch settings as drawn
in the Figures must be reversed. The output signal of

the HF input circuit 6 is then supplied to the phase 60

detector 1 at the second input via the second frequency
divider stage 4. The feedback loop of the phase locked
loop 1s routed from the output of the phase detector 1
via the loop filter 5, the reference oscillator 7 and the

first frequency divider stage 3 back to the first input of 65

the phase detector 1. At the output of the loop filter
stage S 1s the data output 11 of the radio transmission
and receiving apparatus. From here, the demodulated
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reception signal can be passed on for further signal
processing. In this embodiment of the invention, the
reference oscillator 7 must provide not only a quartz-
accuracy reference oscillation; in the receiving state of
the circuit, the reference oscillator operates as a voltage

-controlled oscillator, abbreviated as VCQ. This is

shown in FIGS. 3 and 4 by the capacitance diode 8. The
oscillation behavior of the reference oscillator 7 must be
controlled proportionally to the output voltage of the
phase detector I using suitable measures. This can be
achieved by, for example, a reference oscillator as
shown in FIG. 6. |

Depending on the control of the reference oscillator
7 by means of the capacitance diode 8, it may become
necessary to incorporate an inverter 12 into the feed-
back loop of the receiving state. Since the sign of the
phase difference changes when switching from the
transmitting to the receiving state as a result of the
exchange of the reference oscillator 7 for the VCO 2 at
the two inputs of the phase detector 1, the sign of the
control voltage must be changed accordingly. This can
be achieved advantageously by using the inverter 12,
which is inserted into the feedback loop, and reversing
the sign of the control voltage.

- FIG. § shows a further advantageous embodiment of
a radio transmission and receiving apparatus in accor-
dance with the invention. This version is structured, as
regards its working principle, in the same way as the
version in FIG. 3. Its nucleus is the phase detector 1.
‘The output of the phase detector 1 is connected to the
first VCO 2 via the loop filter 5. When the first VCO 2
1s connected to the operating voltage Upby way of the
switch Al, the first VCO 2 operates, and the feedback
loop of the phase-locked loop is closed via the VCO 2
and the second frequency divider stage 4 to the second
input of the phase detector 1. Since the switch A2 is

- open in the transmitting state, the second oscillator 7
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operates as the reference oscillator. This second oscilla-
tor 7 1s connected to the first input of the phase detector
1 via an active element 17 and a first frequency divider
stage 3. The second oscillator 7 operating as the refer-
ence oscillator is detuned around its center frequency
proportionally to the data signal at the data input 9
using a capacitance diode 8. The phase-locked loop
follows this detuning, so that the modulated output
signal 1s supplied to the HF output stage 16 via the
switch A3. The HF output stage 16 feeds the signal into
the transmitting antenna.

In the receiving state, all switch settings of switches
Al to A3 shown in FIG. § must be reversed e.g., via a
common signal at control input 19. The switch A1l inter-
rupts the voltage supply Upg of the first VCO 2, so that
at this point the original feedback path of the phase-
locked loop is interrupted. Instead, the second input of
the phase detector 1 is supplied via the second fre-

. quency divider stage 4 and the switch A3 with the

receiving signal preprocessed by the HF input stage 6.
The radio transmission and receiving apparatus can be
designed here in such a way that the signals are trans-
mitted and received via a common antenna. In the ad-
vantageous embodiment in accordance with FIG. 5,
however, separate transmitting and receiving antennas
are provided. The second input of the phase detector 1
is supplied in the receiving state with the input signal of
the receiving section as a reference signal. The feedback
branch of the phase-locked loop is now formed by the
loop fiiter §, the switch A2 closed in the receiving state,
and the second oscillator 7 operating as a controllable
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oscillator. This second oscillator 7 can be switched in its
function between quartz-accuracy reference oscillator
and voltage-controlled oscillator, and may be designed,
for example, as shown in FIG. 6. The oscillator is actu-
ated by an inverter 12 and a capacitance diode 8. Since
the oscillator 7 is connected via an active element 17
and the first frequency divider stage 3 to the first input
of the phase detector 1, the feedback branch of the
phase locked loop is closed by this branch of the circuit
in the case of reception. The demodulated signal can be
picked up at the output of the loop filter 5 and passed on
for further signal processing. A dash-dotted line in FIG.
S encloses all circuit blocks generally incorporated on a
commercially available PLL IC. In accordance with
the mvention, these circuit blocks are alternately actu-
ated both in the transmitting state and in the receiving
state of the radio transmission and reception apparatus.
This double use means that a further PLL circuit of this
type can be dispensed with.

FIG. 6 shows an oscillator circuit that can operate
both as a quartz-stable reference oscillator and as a
voltage-controlled oscillator VCO. The changeover
between the two operating modes is achieved by alter-
nately switching through the two switching diodes 15.
At the control voltage input 9, the RC resonating cir-
cuit 14 of the oscillator can be controlled over a wide
range 1n the VCO mode using the capacitance diode 8.
In 1ts mode as a quartz-stable reference oscillator, the
oscillation of the reference quartz 13 can be detuned
only In a narrow range around its center frequency. The
oscillators are connected via a capacitance network to
an active element 17 usually provided in the PLL IC.
An oscillator combined in this way is particularly suit-
able for use as a switchable oscillator in one of the cir-
cuit arrangements according to FIGS. 3 to 5. The
changeover of the oscillator takes place together with
the changeover of switches Al to A3.

A radio transmission and receiving apparatus of this
type 1s particularly suitable for use in radio remote con-
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and reception 1n time offset operation. Its space-saving
overall circuit, in which the transmission and reception
sections are combined into a single unit using the same
phase-locked loop, results in small dimensions for the
portable radio remote control units.

We claim:

1. A radio transmission and reception apparatus hav-
Ing a transmitting section, a receiving section, and a
common phase locked loop (PLL) circuit connected to
said transmitting and receiving sections for signal mod-
ulation and demodulation, respectively, and wherein
saild common PLL circuit comprises a phase detector
having first and second inputs and a feedback loop be-
tween 1ts output and one of its inputs, a first voltage
controlled oscillator (VCO), a further oscillator operat-
Ing either as a reference oscillator or as a second VCO,
and a switch arrangement for selectively interconnect-
ing the phase detector, the first VCO and the further
oscillator such that in a transmitting state of the radio
transmission and reception apparatus, the feedback loop
of the PLL circuit is closed via the first VCO and is
connected to the first input of the phase detector, and
the further oscillator operates as the reference oscillator
which i1s connected to the second input of the phase
detector, and, in a receiving state of the radio transmis-
sion and reception apparatus, the feedback loop is
closed via the further oscillator operating as the second
VCO and is connected to the second input of the phase
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detector, and the phase detector has its first input con-
nected to an output of an HF input stage.

2. A radio transmission and reception apparatus ac-
cording to claim 1, wherein signal modulation in the
transmitting state is achieved by means for detuning the
further oscillator operating as the reference oscillator.

3. A radio transmission and reception apparatus ac-
cording to claim 1, comprising a controllable frequency
divider stage disposed in the feedback loop between an
output of the first VCO and the first input of the phase
detector during the transmitting state; and wherein
signal modulation in the transmitting state is achieved
by changing a divider ratio of the frequency divider
stage disposed in the feedback loop of the PLL circuit.

4. A radio transmission and reception apparatus ac-
cording to claim 1, further comprising at least one an-
tenna connected to the transmitting and receiving sec-
tions for transmission and reception of a signal.

S. A radio transmission and reception apparatus ac-
cording to claim 4, wherein said at least one antenna
includes a transmitting antenna and a receiving antenna
connected to the transmitting section and the receiving
section, respectively, and wherein the switch arrange-
ment includes a further switch for selectively connect-

ing the transmitting section or the receiving section to

the PLL circuit.
6. A radio transmission and reception apparatus ac-

cording to claim 1 further comprising circuit means for
causing all switches included in the switching arrange-
ment to change from the transmitting to the receiving
state 1n response to a changeover signal.

7. A radio transmission and reception apparatus ac-
cording to claim 1 wherein: the first VCO has a control
input connected to the output of the phase detector and
an output connected to one input of a first switch of the
switch arrangement; the receiving section has its output
connected to a further input of the first switch whose
common output is connected to the first input of the
phase detector; the further oscillator has its output con-
nected to the second input of the phase detector and a
control mput connected via a series connection of a
second switch, which 1s open when the apparatus 1s in
the transmitting state and closed when the apparatus is
in the receiving state, and an inverter to the output of
the phase detector.

8. A radio transmisston and reception apparatus ac-
cording to claim 7 further comprising a loop filter con-
nected to the output of the phase detector; and wherein
the inverter and the first VCO are connected to the
output of the phase detector via the loop filter.

9. A radio transmission and reception apparatus ac-
cording to claim 7 further comprising means, respon-
sive to a data signal and connected between the control
input of the further oscillator and the second switch, for
detuning the further oscillator during the transmitting
stage to modulate an oscillating state of the PLL circuit.

10. A radio transmission and reception apparatus
according to claim 9 wherein the means for detuning is
a capacitance diode.

11. A radio transmission and reception apparatus
according to claim 7 wherein the common output of the
first switch is connected to the first input of the phase
detector via a frequency divider having a controllable
divider ratio and a control input for receiving a data
input which controls the divider ratio. |

12. A radio transmission and reception apparatus
according to claim 1 wherein: the first VCO has a con-
trol input connected to the output of the phase detector
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and an output connected to the first input of the phase
detector; the further oscillator has its output connected
to the second input of the phase detector and a control
input connected to a means for controlling an oscillat-
ing state of the further oscillator, the means for control-
ling normally causing the further oscillator to act as the
reference oscillator and being responsive to an input
data signal to detune the further oscillator during the
transmitting state to modulate the oscillating state of the
PLL circuit; the switch arrangement includes a first
switch, which is open during the fransmitting state and
is closed during the receiving state, connected between
a control input of the means for controlling and the
output of the phase detector via an inverter; the switch
arrangement further includes a second switch connect-
ing the first VCO to a source of operating voltage dur-
ing the transmitting state and disconnecting the first
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VCO from the source of operating voltage during the
receiving state; and the transmitting section and the
receiving section are connected to an output of the first
VCO.

13. A radio transmission and reception apparatus
according to claim 12 wherein the switch arrangement
includes a third switch for connecting the transmitting
section to the output of the first VCO during the trans-
mitting state and the receiving section to the output of
the first VCO during the receiving state.

14. A radio transmission and reception apparatus
according to claim 1 wherein alternating access to the
common PLL circuit by the transmitting and receiving
sections takes place via the switching arrangement in a

time-division multiplex mode.
* ¥ * * Xk
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